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Abstract. In Malaysia, the liquefied petroleum gas (LPG) is widely used for domestic purposes. 
The delivery men who are in charge of delivering the LPG cylinders to the customers are exposed 
to the ergonomic risk factors associated with excessive force due to the heavy steel cylinders. There 
are devices used to assist the delivery task, however, the devices are not efficient to be used in non-
elevated apartments. Due to this reason, this study aims to design an LPG cylinder trolley. Quality 
Function Deployment was integrated to design the LPG cylinder trolley, so that it can fulfill the 
delivery man's requirements, thus, an effective device to assist the delivery task is produced. Based 
on the findings, it can be concluded that the integration of QFD is an effective solution in designing 
an effective LPG cylinder trolley.  
Introduction 
Usually the liquefied petroleum gas (LPG) cylinder is widely used for domestic purposes, such 
as for cooking. The filled LPG cylinder used in households weighs between 30 kg to 34 kg. 
Meanwhile, the mass of an empty LPG cylinder is from 16 kg to 20 kg. The diameter of the LPG 
cylinder is 33 cm, and its height is 61 cm. The LPG cylinder is made of steel to keep high pressure 
gas [1,2]. The LPG cylinder delivery service is highly required in Malaysia. The service of 
delivering LPG cylinder requires the delivery men to replace the empty cylinder with the filled LPG 
cylinder. The delivery men usually handle the delivery process manually, such as lifting the filled 
cylinder from the transporter and sending it to the customer’s place. After replacing the filled 
cylinder, the delivery man needs to bring back the empty cylinder to the transporter. In the case of 
non-elevator apartments, the delivery men have to lift and hold the LPG cylinder to transfer it from 
the ground level to the upper level using the stairs.  
Based on the above mentioned LPG cylinder delivery process, the delivery men are exposed to 
ergonomics risk factors associated with excessive force that may lead to musculoskeletal disorders, 
such as back and shoulder injuries. The occupational safety and health statistic reported that 36% of 
workers suffered from back pain, and 13% of workers experienced shoulder injury, which are 
caused by overexertion and bodily reaction and contact with objects or equipment [3]. Besides, it is 
reported that 223 cases of overexertion involved in holding and carrying task [4]. The most 
immediate and useful solution to reduce the risk of injuries among the delivery men is by using 
trolleys and carts, which can avoid the need for carrying loads over distances [5]. Nevertheless, 
previous research found that the existing manual materials handling devices do not overcome the 
problem of mishandling the task due to little attention paid to ergonomics aspects in the design of 
the trolleys and carts [5,6]. 
As a solution for this problem, this study aims to design a LPG trolley using the QFD approach. 
The Quality Function Deployment is one of the planning tools that is used to ensure the delivery 
men requirements can be satisfied and translated throughout the product design, engineering, and 
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production [7]. Specifically, this study determines the design feature requirements from the delivery 
men regarding the LPG trolley.  
Methodology 
 
This study performed three stages of work to design the LPG trolley. Stage 1 concerns with 
determining the delivery men requirement with regard to the design of the LPG trolley. In this stage, 
a questionnaire was developed and distributed to25 delivery men. The questionnaire was divided 
into five sections: 1) personal details of the delivery men, 2) operation and job description, 3) 
operational constraints and health problems, 4) safety issues on current operation, and 5) 
improvements needed for future design of the LPG trolley. The process of developing the 
questionnaire and its reliability measurement has been described in the recent publication [9].   
The information gathered from the questionnaire leads to Stage 2, which is the development of 
the LPG trolley specification. In this stage, the design feature requirements from the delivery men 
were translated into the technical specification using the House of Quality (HoQ). There were 6 
steps applied in building the HoQ: 1) listing the design feature requirements from the delivery men 
(WHAT), 2) listing the technical descriptors (HOW), 3) building the relationship between WHAT 
and HOW, 4) building the roof known as correlation matrix, 5) analysing customer competitive 
assessment, and 6) determining the prioritized technical descriptor [7].  
The design features required by the delivery men are listed in WHAT of the HoQ. The 
requirements need to be classified and quantified into a quantitative presentation to obtain the 
importance ratings of the customer (delivery men) needs. The relative importance of the customer 
requirement is usually expressed as a set of ratings that is determined through the customer 
perceptions of those requirements and average of the perceptions. For example, to calculate the 
relative importance for the delivery men requirement “easy to push”: (1*1) + (2*2) + (5*6) + (2*4) 
+ (9*5) = 73. Hence, the relative importance = 73 / 25 (number of delivery men) = 2.92 (Table 
1).The technical descriptors with the highest value of the absolute weight are identified as the most 
needed to fulfil customer requirements and need improvement [7].  As an example, to obtain the 
technical relative importance for technical specification “motor” in Figure 2: (2.92*1) + (2.76*1) + 
(2.40*9) + (2.2*3) + (1.48*9) + (1.28*9) = 58.72.  
Results and Discussion 
Structured interviews using the questionnaire were conducted with25 delivery men who were 
directly involved in transporting the LPG cylinder to the customer. The average age of the delivery 
men was 33 years; all have experiences in delivering the LPG cylinder to non-elevator apartment. It 
was reported that the delivery men delivered about 21 LPG cylinders to the customers with the 
frequency of 13 times per day. Out of 25 delivery men, 68% expressed that the existing method 
(without the use of an assistive device) to transport the LPG cylinder is easy as they have large 
degree of freedom in their movement. The injuries experienced by the delivery men while 
transporting the LPG cylinder were also investigated. Of all the delivery men, 92% experienced 
discomfort in the lower back, 84% and 80% felt discomfort in the neck and upper back respectively. 
Meanwhile, 60% of the delivery men claimed discomfort in the right shoulder, 8% in the left 
shoulder and 28% of them experienced discomfort in both shoulders. The reason to the discomfort 
in their body parts is due to lifting and holding the LPG cylinders. In fact, 60% of the delivery men 
had involved in accidents while handling the LPG cylinders. Out of which, 36% and 32% of them 
experienced slip and fall respectively.   
The delivery men were also interviewed regarding their requirements for the future design of 
LPG. The information was divided into five categories of scores: 1 (unnecessary), 2 (less needed), 3 
(needed), 4 (desirable) and 5 (critically desirable). Findings indicate that “easy to push”, 
“motorized”, “equipped with safety lock” and “equipped with brake” as the critically desirable 
requirements. The delivery men requirements for the future LPG cylinder trolley were compiled in 
the customer requirement section of HoQ as shown in Fig.1. 
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Fig. 1 Delivery men requirements for the design of LPG trolley. 
 
The last step in HoQ is obtaining the technical relative importance. The technical specification 
with the highest value of technical relative importance and percentage importance should be given 
the highest priority to be included in the design of LPG trolley. In this study, an appropriate pushing 
force, motorized system, adjustable handle and appropriate dimension of trolley are considered as 
the main features of the LPG trolley design. 
 
  
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Results of screening and scoring methods. 
 
In the design of the LPG trolley, the handle height is designed to be adjustable in order to 
accommodate the height of the delivery men. The installation of a motor to the trolley could be 
useful to reduce the effort to transport the LPG cylinder. The dimension of the trolley was critically 
studied to ensure the LPG cylinder can be attached firmly. A caging system is also attached to the 
trolley to avoid the tendency of the LPG cylinder to slip off, especially when moving down or 
climbing the stairs. The initial stage in developing the design is to analyze the technical 
specifications using the morphological chart as shown in Table 2. In the morphological chart, five 
attributes such as the motor position, material used, wheels arrangement, handles type, and cage 
system are considered in the design of the LPG trolley.  
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Fig. 3 House of Quality (HoQ) for LPG cylinder trolley. 
Conclusion 
This study has successfully determined the delivery men requirements with regard to the design 
of the LPG trolley. Based on the findings, “easy to push”, “motorized”, “equipped with safety lock” 
and “equipped with brake” are the most essential features in the design of LPG trolley. In the future, 
this study will proceed with fabricating the LPG trolley. Consequently, ergonomics assessments 
associated with posture and muscle activity analysis will be conducted to analyze the effects of the 
trolley design to physical and physiological of the delivery men. 
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